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Introduction
According to the WID [1] of Rel-17 sidelink, the following scope will be studied for mode 2 enhancements.
Resource allocation enhancement:
· Study the feasibility and benefit of the enhancement(s) in mode 2 for enhanced reliability and reduced latency in consideration of both PRR and PIR defined in TR37.885 (by RAN#91), and specify the identified solution if deemed feasible and beneficial [RAN1, RAN2]
· Inter-UE coordination with the following until RAN#90.
· A set of resources is determined at UE-A. This set is sent to UE-B in mode 2, and UE-B takes this into account in the resource selection for its own transmission.
· Note: The study scope after RAN#90 is to be decided in RAN#90.
· Note: The solution should be able to operate in-coverage, partial coverage, and out-of-coverage and to address consecutive packet loss in all coverage scenarios.
· Note: RAN2 work will start after [RAN#89].

The scope of the enhancements for mode 2 has been further narrowed down to inter-UE coordination. According to the WID, there will be a study phase to study the feasibility and benefit of inter-UE coordination for enhanced reliability and reduced latency. In this contribution, we share some general considerations on inter-UE coordination. 

[bookmark: _Ref228947482]Issues to be addressed by coordination
In mode 2, a UE autonomously selects resources for transmission. Based on sensing, the UE can avoid resource collisions with other UEs in some degree. However, there are still remaining issues to be solved for mode 2. 
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Figure 1: Collision issue and half duplex issue in mode 2

As one example, the collision issue still exists in mode 2. In some cases, e.g., when UEs perform resource selection independently or a UE is a hidden node to another UE, it is possible that UE transmissions collide with each other on the selected resources. Here, “collision” means transmission on the overlapped time-frequency resources. This could make it even worse and result in the consecutive collisions if UEs are transmitting periodic traffic. One example is shown in Figure 1 (a) where UE 1 always collides with UE 2. Due to half-duplex constraints, neither UE 1 nor UE 2 can identify the collision. Also, re-evaluation or pre-emption defined in NR V2X cannot help in this case. Therefore, two UEs will keep colliding potentially for a long time and thus leading to consecutive packet loss. The collision issue potentially happens for UEs trying to receive transmissions from either   UE 1 or UE 2.
As another example, the half-duplex issue still exists in mode 2. As shown in Figure 1 (b), UE 1 and UE 2 transmitting periodic traffic always in the same slots cannot receive from each other due to half-duplex constraints. Even though there is no collision (resource overlapping) in this case, consecutive packet loss still occurs. The half-duplex issue happens to UE 1 and UE 2. The aforementioned half-duplex issue has not been considered when designing mode 2 in Rel-16 V2X.
Theoretically, if coordination can be introduced among UEs, the aforementioned collision issue and the half-duplex issue can be avoided in some degree. In the real systems, the gain brought by inter-UE coordination will be studied and evaluated. Inter-UE coordination requires assistance information exchange among UEs. According to the WID, the assistance information at least includes a set of resources. More specifically, UE A reports a set of resources to UE B, and UE B takes this into account when performing resource selection for its own transmission. With this assistance information, it is expected that the collision issue and the half-duplex issue can be solved.
Proposal 1: It should be studied how to solve the collision issue and the half-duplex issue by using inter-UE coordination.

Groupcast, in general, requires similar reliability to unicast, but has fewer available mechanisms to support this. For example, the MAC entity always supports Option-2 HARQ in unicast, while MAC entity supports both Option-1 HARQ and Option-2 HARQ in groupcast but with some conditions. Option-2 HARQ is available for use only when the V2X application layer provides group size and member IDs with a small number of members within the group. The V2X application layer, in addition, should provide accurate and up-to-date information on the group size and the member ID. Hence, the reliability of groupcast in MAC layer mainly relies on the Option-1 HARQ mechanism.
Furthermore, the RLC layer supports UM/AM in unicast, but only supports UM in groupcast. Thus, the fulfillment of the reliability for groupcast merely relies on HARQ in the MAC layer. This makes the enhancements more important in Option-1 and/or Option-2 HARQ for groupcast communication in Rel-17.
Observation 1: The MAC entity always supports Option-2 HARQ in unicast, while the MAC entity supports both Option-1 HARQ and Option-2 HARQ in groupcast but with some conditions.
Observation 2: The RLC layer supports UM/AM in unicast, but only supports UM in groupcast.
Proposal 2: The reliability in groupcast shall be enhanced in MAC layer in Rel-17, in order to fulfil the stringent requirements in groupcast communication.

The architecture enhancements in 5GS [2] defines two types of groups; one is denoted as application layer connection-less group, and the other is denoted as application layer managed group. The former considers an application layer group without group formation in the V2X application layer, e.g., sensor sharing. The latter, however, considers an application layer group with group formation and management in the V2X application layer, e.g., platooning, cooperative adaptive cruise control, only in case that the V2X application layer provides a group size and a member ID, and the V2X layer passes them to the AS layer for groupcast control.
As the requirements [3], the application of sensor sharing requires high reliability and low latency, for example, 99.99-99.999% reliability and 3-10ms latency if a fully automated driving is applied. This imposes that Option-1 should be enhanced with somewhat additional mechanism.
In addition, the communication range in NR-V2X groupcast is up to 1000m, which is indicated by the 2nd SCI. The communication range, of course, can be improved by UE-to-UE relay, as discussed in our companion contribution [4]. However, the relay-UE discovery problem involved in groupcast incurs due to the uncertainty of Tx-UE in each transmission, possibly resulting in V2X relay message transmission flood. Therefore, the enhancement of communication range should be performed from RAN1 perspective, as well.
Figure 2 exemplifies the TB transmission and retransmission with option-1 based HARQ, where UE-1 and UE-2 are the Tx-UEs, and UE-3 is the Rx-UE, with three transmission phases. In phase 1, UE-1 and UE-2 simultaneously transmit the initial data TBs over PSSCH1 and PSSCH2, respectively. In this case, UE-3 succeeds the TB reception from UE-1 but fails the TB reception from UE-2. Meanwhile, UE-1 and UE-2 faces the half-duplex issue due to the transmission in the same time slot. In phase 2, UE-3 only feeds back the NAK over PSFCH2 to UE-2 and asks for its retransmission based on option-1 HARQ process. In phase 3, UE-2 retransmit the TB over PSSCH2, and UE-1 and UE-3 succeed the TB reception. Consequently, UE-2 has no opportunity to make its reception of TB from UE-1 due to the half-duplex impact.
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[bookmark: _Ref41907451]Figure 2: Example of TB transmission and retransmission with option-1 HARQ.

In order to clarify how much impact does incurs due to the half-duplex, we perform the SLS simulation based on the simulation assumptions, listed in Table 1, in Annex. Figure 3 and Figure 4 show the PRR as a function of distance between Tx-UE and Rx-UE, with 100m communication range, in consideration of option-1 HARQ, with the bandwidth of 20MHz and 40MHz, respectively. It can be observed that, even with a short communication range, the PRR cannot be fulfilled with the reliability, such as 99.99%, if half-duplex occurs between the Tx-UEs within the group. However, if the simulation assumes to get rid of the half-duplex impact in option-1 HARQ, the high PRR performance can be achieved. Here, this ideal assumption on the half-duplex means that the half-duplex still occurs in the initial transmissions, but Tx-UE can ideally perform the relevant retransmissions in next coming slots. The purpose to make this ideal assumption in our simulation is to seek the potentially achievable reliability performance in Rel-17.
Consequently, the PRR degradation due to the half-duplex is about 1~2% in groupcast, depending on the how many Tx-UEs simultaneously transmit TBs in a slot. It is observed that, the larger the number of Tx-UEs in a slot, the bigger the impact of half-duplex.
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Figure 3: PRR vs. distance with 20MHz bandwidth, and 100m communication range.
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Figure 4: PRR vs. distance with 40MHz bandwidth, and 100m communication range.

Observation 3: The PRR degradation due to the half-duplex is about 1~2% in groupcast, depending on the how many Tx-UEs simultaneously transmit TBs in a slot. The larger the number of Tx-UEs in a slot, the bigger the impact of half-duplex.
Proposal 3: Rel-17 supports enhancement of Option-1 HARQ process and mitigation of the half-duplex impact, relying on inter-UE coordination mechanism.

UE coordinative models and potential studies
The inter-UE coordination is considered a major WI feature for Rel-17, towards unicast, groupcast, and broadcast communication. Inter-UE coordination can be performed, either prior to or posterior to the initial transmission. The former is to coordinate the resources between Tx UEs relying on the information provided by a coordinative UE, in order to avoid resource collision and/or half-duplex impact prior to initial packet transmission. The latter is to assist Tx UEs which experience and detect resource collision and/or half-duplex impact posterior to the initial transmission, in order to avoid the resource collision and/or half-duplex impact in retransmission and/or next initial transmission.
Before our discussion, some definitions are considered as follows:
· Coordinative UE: denoted as Co-UE, which functions to offer the set of resources to Tx UE(s) and/or forward assistance information to other UEs.
· Transmitter UE: denoted as Tx-UE, which possibly receives the assistance information from Co-UE, and functions to transmit the data TB to other UE(s), via either unicast, or groupcast, or broadcast.
· Receiver UE: denoted as Rx-UE, which receives the data TB from Tx-UE, via either unicast, or groupcast, or broadcast.
In this section, first we discuss the UE coordinative models from RAN1 perspective. Then, we potentially study the necessities and realizations associated with the UE coordination, accordingly.
UE coordinative models
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Figure 5: Case #1 A Co-UE coordinates transmissions between a Tx-UE and the Co-UE
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Figure 6: Case #2 A Co-UE coordinates transmissions between Tx-UE #1 and Tx-UE #2

From the perspective of the minimum number of involved UEs, inter-UE coordination can be abstracted to two typical cases. Without loss of generality, a Co-UE can be also be a Rx-UE. For Case #1 shown in Figure 5, there are only two UEs involved in the coordination, i.e., a Co-UE and a Tx-UE. The Co-UE transmits assistance information to the Tx-UE. Based on the assistance from the Co-UE, the collision issue or the half-duplex issue between the Tx-UE and the Co-UE can be avoided. For Case #2 shown in Figure 6, there are three UEs involved in the coordination, i.e., a Co-UE, Tx-UE #1 and Tx-UE #2. The Co-UE transmits assistance information to Tx-UE #1 such that the collision issue or the half-duplex issue between Tx-UE #1 and Tx-UE #2 can be avoided. These two cases provide the most basic UE assisting models, and many other use cases can be derived from these two abstract models. Some examples are given below, including but not limited to: a Co-UE reports the slots used for its own transmission to a Tx-UE so that the Tx-UE can avoid using these slots for transmission towards the Co-UE; a Co-UE reports its sensing results to Tx-UE #1 so that Tx-UE #1 can avoid interfering with a hidden node Tx-UE #2; if a Co-UE identifies that Tx-UE #1 and Tx-UE #2 have the half-duplex issue, the Co-UE notifies Tx-UE #1 or Tx-UE #2 to resolve the issue. 
[bookmark: _Hlk46299166]Proposal 4: At least the following should be studied for inter-UE coordination:
· A Co-UE coordinates transmissions between the Co-UE and a Tx-UE; and
· A Co-UE coordinates transmissions between Tx-UE #1 and Tx-UE #2.

Potential Studies
In inter UE coordination, in general, Co-UE informs Tx-UE(s) the assistance information relevant to the (pre)-configured resource pool. In NR-V2X, since each resource pool can be shared with different cast services, it is not efficient for RAN1 to develop a solution associated with UE coordination, by isolating the different UEs who are experiencing in different casts. The assistance information potential utilized for specific Tx-UE should be known by other Tx-UEs who are performing different cast services. Therefore, a unified mechanism of informing the assistance information from Co-UE to Tx-UEs should be designed, without the limitation to cast types.
Proposal 5: In order to realize the universal UE coordination within the resource pool, a unified mechanism for informing the assistance information from a Co-UE to Tx-UEs should be designed, without the limitation to cast types.
The assistance information can be provided by a Co-UE to a Tx-UE either in an active or passive manner. In the former, a Co-UE is aware of the information, such as available resources, interference, half-duplex incurrence and congestion status, and actively informs the assistance information to associated Tx-UEs. In the latter, a Tx-UE sends the request to the Co-UE, and then the Co-UE passively inform the assistance information to the Tx-UE.
With the active manner, a Co-UE may have available resources which are acquired based on either (pre)-configuration or sensing procedure (in consideration of resource collision and half-duplex impact), and/or Co-UE may measure the interference or predict/detect the information of resource collision which need to be avoid in each resource pool operation. Then, the Co-UE considers such information as assistance information, informing to all the associated UEs. A Tx-UE will take such assistance information into account and make the proper selection for next potential transmission occasion accordingly.
With the passive manner, firstly, a Tx-UE which has an arrival packet for delivering sends a request to a Co-UE, in order to acquire the assistance information. The request may contain the QoS requirement, cast type, and geographical information, and communication range associated with the arrival packet. Then, the Co-UE informs the assistance information to the Tx-UE, in consideration of what the Tx-UE exactly requested. The assistance information message should be detectable by other unrequested UEs for reference purposes.
Proposal 6: The assistance information can be provided by Co-UE to Tx-UE either in an active or passive manner, and the assistance information should be detectable by any UE. Both manners should be studied in Rel-17.
The assistance information message provided by Co-UE to Tx-UE may contain the information at least as follows:
· Destination ID: Co-UE informs the assistance information associated with this destination ID to Tx-UEs. This implies that only Tx-UE(s) belonging to the destination ID takes the assistance information into consideration. The destination ID may be not necessary if the assistance information is shared by all the UEs.
· Source ID(s): The source ID belongs to the Tx-UE, which is going to potentially utilize the given assistance information if a Co-UE informs the assistance information to a specific Tx-UE. A Co-UE should include multiple source IDs if the given assistance information is potentially utilized by multiple Tx-UEs.
· A set of resources in both time and frequency domains: This information can be informed by Co-UE to Tx-UE, which may either directly select it as transmission resource, or select part of a set for its transmission resource. The acquiring of this information may reduce the burden in the resource selection procedure at Tx-UE, which is required for power saving, etc.
· Coordinative information: This information can be informed by a Co-UE to Tx-UE(s), which may take it into account for resource collision and/or half-duplex avoidance. It is intended to enable detection the status of resource collision and/or half-duplex occurring either prior to or posterior to the initial transmission.
Proposal 7: The assistance information message provided by a Co-UE to a Tx-UE may contain the information; at least, destination ID, source ID(s), a set of resources for transmission, and some other coordinative information for resource collision and/or half-duplex avoidance.
A UE as a coordinative UE may be either (pre)-authorized or self-authorized, depending on the deployment scenario. Due to the mobility issue, multiple Co-UEs may be necessary to be involved in the coordination among UEs. More efficiently, Co-UEs may need to establish a unicast link to exchange the assistance information, so as to avoid the conflict of assistance information issued by multiple Co-UEs. This does not imply that, nevertheless, the more Co-UEs involved in UE coordination, the better the UE coordination. One reason is that, with more Co-UEs involved, more resources need to be dedicated for assistance information delivery, incurring the additional transmission burden and impact on overall performance. The other reason is that, with more Co-UEs involved, a potential Tx-UE may receive multiple assistance information messages, resulting in a message flood and making Tx-UE dizzy in resource selection.
Observation 4: If the larger number of Co-UEs is (pre)-authorized or self-authorized, the additional transmission burden incurs and a potential Tx-UE may receive multiple assistance information messages, resulting in the message flood and making Tx-UE dizzy in resource selection.
Proposal 8: Due to the mobility issue, multiple Co-UE (pre)-authorization procedure should be studied; including how many Co-UEs properly involved in the UE coordination, and what types of massages exchanged between Co-UEs.

Other issues for further study in RAN#1
When studying or evaluating inter-UE coordination, at least the following issues should be further considered or clarified. Some issues may be coupled with each other to some extent.
· Which UE can transmit assistance information?
This issue is about the ability to transmit assistance information. As discussed above, it may not be practical or beneficial to provide all the Rel-17 UEs with the ability to report assistance information. Transmitting assistance information from too many UEs will negatively impact the system. Therefore, it is worthwhile to consider which UE is qualified to be a coordinator. It may be RX/TX dependent, and may be also related to the cast type. A UE can have different roles such as TX UE, RX UE, or sensing UE. Also, a UE can participate in unicast, groupcast or broadcast. It should be studied whether the coordinator has to be a particular type of UE and whether it has to be associated with a particular cast type. For example, in some use cases, the RX UE can assist the TX UE to get a better reception, or the TX UE can protect its own transmission by notifying other UEs, or the sensing UE can coordinate other UEs as an observer. Also, the aforementioned use cases can be further coupled with cast types. The pros. and cons. of these options should be studied and evaluated.  
· When does UE transmit assistance information?
Even if a UE has the ability to report assistance information, sometimes it does not need to report. As aforementioned, it should be prevented that too many UEs report assistance information, the transmission of assistance information itself should also be limited by the congestion control and prioritization of transmissions/receptions rules which are agreed in Rel-16. On this basis, it should be further studied when a UE needs to transmit assistance information. There can be different alternatives. As one alternative, a Co-UE can report to a Tx-UE when receiving a request from the Tx-UE. This is similar to sidelink CSI feedback where a RX UE is triggered to report CSI to a TX UE. Implicitly, this requires that a Co-UE is at least a RX UE. As another alternative, a Co-UE may perform the report based on some types of event trigger, i.e., event triggered reporting is used. As an example, when a Co-UE has data to transmit, the Co-UE is triggered to notify other UEs to avoid collisions. As another example, when a Co-UE identifies the collision issue or the half-duplex issue between Tx-UE #1 and Tx-UE #2, the Co-UE is triggered to report to coordinate Tx-UE #1 and Tx-UE #2.
· How to obtain the resource for transmitting assistance information?
The performance of inter-UE coordination depends on the reliable exchange of assistance information. It should be studied how to determine the resources for transmitting assistance information. As a mode 2 UE, a Co-UE can perform autonomous resource selection as for transmitting regular data. In some cases, a Tx-UE may reserve resources for assistance information transmission from a Co-UE e.g. when the Tx-UE sends the request to trigger the Co-UE report. Above all, the determined resources should fulfill the reliability and timeliness requirements of assistance information. 
· What is carried by assistance information?
According to the WID, assistance information at least includes a set of resources. Further studies are needed for the details of the resources. From one aspect, it should be studied whether a Tx-UE is recommended to use these resources or not to use these resources. Actually, this is also related to how a Co-UE determines the set of resources to be reported. If the resources are those a Tx-UE is recommended to use, a Co-UE may need to perform the step 1 procedures in mode 2 resource selection. Otherwise, if the resources are those a Tx-UE is not recommended to use, the step 1 procedures may not be needed for a Co-UE. From another aspect, it can be considered whether additional information, such as priority, RSRP, needs to be conveyed together with these resources. 
· How to utilize assistance information?
After receiving assistance information, a Tx-UE will take it into account when performing autonomous resource selection. How to utilize assistance information is the key to achieve the gain promised by inter-UE coordination. The detailed Tx-UE procedures should be studied, including but not limited to: whether assistance information triggers resource (re)selection; whether/how a Tx-UE can override assistance information; whether step 1 or step 2 will take assistance information into account; how to handle the case when receiving more than one assistance information. 
Proposal 9: The following issues can be further considered for inter-UE coordination
· Which UE can transmit assistance information?
· When does UE transmit assistance information?
· How to obtain the resource for transmitting assistance information?
· What is carried by assistance information?
· How to utilize assistance information?
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Conclusions
In this contribution, we share some initial considerations on inter-UE coordination for mode 2 enhancements. The proposals are summarized as follows.
Observation 1: The MAC entity always supports Option-2 HARQ in unicast, while the MAC entity supports both Option-1 HARQ and Option-2 HARQ in groupcast but with some conditions.
Observation 2: The RLC layer supports UM/AM in unicast, but only supports UM in groupcast.
Observation 3: The PRR degradation due to the half-duplex is about 1~2% in groupcast, depending on the how many Tx-UEs simultaneously transmit TBs in a slot. The larger the number of Tx-UEs in a slot, the bigger the impact of half-duplex.
Observation 4: If the larger number of Co-UEs is (pre)-authorized or self-authorized, the additional transmission burden incurs and a potential Tx-UE may receive multiple assistance information messages, resulting in the message flood and making Tx-UE dizzy in resource selection.
Proposal 1: It should be studied how to solve the collision issue and the half-duplex issue by using inter-UE coordination.
Proposal 2: The reliability in groupcast shall be enhanced in MAC layer in Rel-17, in order to fulfil the stringent requirements in groupcast communication.
Proposal 3: Rel-17 supports enhancement of Option-1 HARQ process and mitigation of the half-duplex impact, relying on inter-UE coordination mechanism.
Proposal 4: At least the following should be studied for inter-UE coordination:
· A Co-UE coordinates transmissions between the Co-UE and a Tx-UE; and
· A Co-UE coordinates transmissions between Tx-UE #1 and Tx-UE #2.
Proposal 5: In order to realize the universal UE coordination within the resource pool, a unified mechanism for informing the assistance information from a Co-UE to Tx-UEs should be designed, without the limitation to cast types.
Proposal 6: The assistance information can be provided by Co-UE to Tx-UE either in an active or passive manner, and the assistance information should be detectable by any UE. Both manners should be studied in Rel-17.
Proposal 7: The assistance information message provided by a Co-UE to a Tx-UE may contain the information; at least, destination ID, source ID(s), a set of resources for transmission, and some other coordinative information for resource collision and/or half-duplex avoidance.
Proposal 8: Due to the mobility issue, multiple Co-UE (pre)-authorization procedure should be studied; including how many Co-UEs properly involved in the UE coordination, and what types of massages exchanged between Co-UEs.
Proposal 9: The following issues can be further considered for inter-UE coordination
· Which UE can transmit assistance information?
· When does UE transmit assistance information?
· How to obtain the resource for transmitting assistance information?
· What is carried by assistance information?
· How to utilize assistance information?
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Annex
The system level simulation is performed based on the simulation assumptions, listed in Table 1. 
[bookmark: _Ref521072138]Table 1: SLS simulation assumptions.
	Attributes
	Values or Assumptions

	[bookmark: _GoBack]Number of drops
	30

	Simulation length
	5000[slots](5s) + warmup(8000[slots])

	Scenario
	Base on Highway case of 3GPP TR 37.885 V15.1.0

	Channel model
	Pathloss：Table 6.2.1-1 of TR 37.885
Shadowing：STD 3dB, Decorrelation distance 25m
Fast fading：Section 6.2.3 in TR 37.885

	Speed of vehicle
	140km/h

	The distance between the rear bumper of a vehicle and the front bumper 
	Average 2.0[s] with min 2[m]
(vehicle length 5[m])

	Average number of vehicles
	145 on average, in 6 lanes

	SINR calculation interval
	1 RB, 1 slot

	Carrier frequency
	5.9[GHz]

	Bandwidth
	20/40[MHz] (100/200RBs, 1200/2400subcarriers)

	Subcarrier spacing
	15[kHz]

	Slot length
	1[ms] (14symbols)

	Transmission power
	23[dBm]

	TX Antenna Configuration
	1 antenna

	RX Configuration
	4 antennas with λ/2 spacing

	Antenna pattern
	Omnidirectional

	Antenna height
	1.6 [m] (option A, type 2)

	Antenna gain
	3 [dBi]

	Noise figure
	9 [dB]

	Number of DMRS
	4

	Subchannel type
	PSCCH+PSSCH scheme

	Size of sub-channel
	50RB f

	Modulation and Code rate
Error curve type of PSCCH
	QPSK, Polar coding 

	Modulation and Code rate
Error curve type
of PSSCH
	16QAM, LDPC
  800byte: 50RB, R=0.3024
  1200byte: 50RB, R=0.4302 

	Traffic mode
	Traffic: medium traffic intensity
Periodic traffic:
  - traffic generate vehicle rate：50%
  - Inter-packet arrival time: 50 ms for 20MHz
  - Inter-packet arrival time: 25 ms for 40MHz
  - Packet size: 1200 bytes with probability of 0.2 and 800 bytes with probability of 0.8
  - Latency requirement: 50 ms

	Resource selection scheme
	1. Mode-2 (with SCI decoded, PSSCH-RSRP)

	Threshold for excluding SCI decoded resources
	-128[dBm]

	SL_RESOURCE_RESELECTION_COUNTER
	1. The counter decremented by one after every transmission
2. Resource reselection is triggered if the counter reaches to zero (probResourceKeep=0.8)

	Repetition
	Chase combining with
the same number of sub-channels as initial Tx
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